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FOREWORD 

It gives me immense pleasure to present this training manual on “Processing and 
Post-Harvest Value Chain Management in Litchi” developed under the Advanced 

Entrepreneurship and Skill Development Programme (A-ESDP) organized at ICAR–
National Research Centre on Litchi, Muzaffarpur.

Litchi is one of the most important fruit crops of India, particularly in Bihar, contributing 
significantly to the livelihood of farmers and the regional economy. However, its highly 
perishable nature and limited shelf life pose serious challenges in marketing and value 
realization. In this context, scientific post-harvest management, processing, and value 
addition assume critical importance for reducing losses and enhancing profitability.

The A-ESDP programme, supported by the Ministry of Micro, Small and Medium 
Enterprises (MSME), Government of India, was designed to promote entrepreneurship 
by equipping participants with technical knowledge, practical skills, and business 
insights in litchi processing and value chain management. The present manual is a 
comprehensive compilation of the training content, covering various aspects including 
post-harvest handling, processing technologies, food safety, entrepreneurship 
development, and marketing strategies.

I am confident that this manual will serve as a valuable resource for entrepreneurs, 
farmers, students, and other stakeholders interested in establishing litchi-based 
enterprises and strengthening the value chain.

I congratulate the Programme Coordinator, organizing team, and all contributors for 
their dedicated efforts in the successful conduct of the programme and preparation of 
this manual.

 (Bikash Das)
 Director 

February, 2026
Muzaffarpur 
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PREFACE 

The Advanced Entrepreneurship and Skill Development Programme (A-ESDP) on 
“Processing and Post-Harvest Value Chain Management in Litchi” was organized 

at ICAR–National Research Centre on Litchi, Muzaffarpur, with the objective of 
promoting entrepreneurship and enhancing technical competencies in litchi-based value 
addition.

Litchi, being a highly perishable fruit, suffers from significant post-harvest losses due 
to inadequate handling, storage, and processing facilities. Addressing these challenges 
requires the adoption of scientific post-harvest management practices and the 
development of value-added products. The present training programme was therefore 
designed to provide a comprehensive understanding of litchi processing technologies, 
cold chain management, food safety standards, and enterprise development.

This manual has been prepared as a compilation of the lectures, practical demonstrations, 
and field experiences shared during the programme. It covers a wide range of topics 
including post-harvest management, processing techniques, packaging, quality control, 
entrepreneurship development, financial planning, and marketing strategies. Efforts 
have been made to present the information in a simple and practical manner so that it 
can be easily understood and adopted by entrepreneurs, farmers, students, and other 
stakeholders.

We sincerely hope that this manual will serve as a useful guide for establishing litchi-
based enterprises and strengthening the value chain, ultimately contributing to income 
generation and rural development.

We express our sincere gratitude to the Ministry of MSME, Government of India, for 
sponsoring this programme. We also thank the Director, ICAR–NRC on Litchi, for his 
guidance and support.

We acknowledge the valuable contributions of all resource persons, scientists, and 
participants in making the programme a success.

(Sunil Kumar)
Scientist (Fruit Science) &

Programme Coordinator- A-ESDP
On behalf of all the authors/ coordinators 

February, 2026
Muzaffarpur 
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CHAPTER 1

ROLE OF MSME IN ENTREPRENEURSHIP 
GENERATION AND CAPACITY DEVELOPMENT

Introduction
Entrepreneurship plays a crucial role in economic development by generating employment, promoting innovation, and 
strengthening local economies. In India, the Micro, Small and Medium Enterprises (MSME) sector is one of the most 
dynamic contributors to industrial growth and inclusive development. MSMEs support rural and urban livelihoods, 
encourage small-scale industries, and provide opportunities for first-generation entrepreneurs. The Government of India 
has therefore implemented several policy initiatives, financial assistance schemes, and training programmes to promote 
entrepreneurship through the MSME sector.

The MSME sector contributes significantly to India’s GDP, exports, and employment generation. It acts as a bridge between 
traditional industries and modern industrial development, helping to develop decentralized industrial structures across the 
country. Through its policies and programmes, the Ministry of MSME promotes skill development, entrepreneurship 
training, financial support, and technological advancement for small enterprises.

Classification and Components of MSMEs
MSMEs are classified based on investment in plant and machinery and annual turnover, as per the revised MSME definition 
notified by the Government of India.

Category Investment Limit Turnover Limit
Micro Enterprises Up to ₹1 crore Up to ₹5 crore
Small Enterprises Up to ₹10 crore Up to ₹50 crore

Medium Enterprises Up to ₹50 crore Up to ₹250 crore

These enterprises operate across diverse sectors including manufacturing, food processing, agro-based industries, 
handicrafts, services, and technology-based industries. MSMEs play a particularly important role in rural entrepreneurship, 
where they create livelihood opportunities through small-scale production and value addition of agricultural commodities.

Role of MSME in Entrepreneurship Generation
The MSME sector promotes entrepreneurship through multiple mechanisms such as skill development, financial assistance, 
infrastructure support, and market linkages. The major contributions of MSMEs in entrepreneurship development include:

y	 Employment Generation
	 MSMEs are labour-intensive and create large employment opportunities with relatively low capital investment. They 

are considered one of the largest employment generators after agriculture.

y	 Promotion of Rural and Agro-based Enterprises
	 MSMEs support rural industries by encouraging processing and value addition of agricultural products such as fruits, 

vegetables, spices, and cereals. This helps farmers and rural youth establish small enterprises.

y	 Encouraging Innovation and Startups
	 The MSME ecosystem promotes innovation by supporting startups, incubation centres, and technology-based 

enterprises.
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y	 Balanced Regional Development
	 MSMEs help reduce regional disparities by establishing enterprises in semi-urban and rural areas, thereby 

decentralizing industrial development.

y	 Skill Development and Capacity Building
	 Through various training programmes and capacity-building initiatives, MSMEs equip aspiring entrepreneurs with 

technical, managerial, and financial skills required to start and sustain enterprises.

Major MSME Schemes for Entrepreneurship Development
The Ministry of MSME has launched several schemes to support entrepreneurs at different stages of enterprise development.

y	 Prime Minister’s Employment Generation Programme (PMEGP)
	 PMEGP is a flagship scheme that provides financial assistance in the form of subsidies for establishing new micro-

enterprises in manufacturing and service sectors.

y	 Entrepreneurship and Skill Development Programme (ESDP)
	 The ESDP scheme aims to develop entrepreneurial skills among youth, women, and unemployed individuals by 

providing technical training and business management knowledge.

y	 Credit Guarantee Fund Trust for Micro and Small Enterprises (CGTMSE)
	 This scheme provides collateral-free loans to micro and small enterprises by offering credit guarantees to lending 

institutions.

y	 Technology Upgradation and Modernization Scheme
	 This scheme encourages MSMEs to adopt modern technology to improve productivity, quality, and competitiveness.

y	 MSME Cluster Development Programme (MSE-CDP)
	 This programme supports the development of industrial clusters by providing common facilities, infrastructure, and 

technological support.

y	 Procurement and Marketing Support Schemes
	 These initiatives help MSMEs participate in government procurement and promote their products through exhibitions, 

fairs, and marketing assistance.

Entrepreneurship and Skill Development Programme (ESDP) at ICAR-NRCL
The Entrepreneurship and Skill Development Programme (ESDP) was successfully organized at ICAR–National Research 
Centre on Litchi (ICAR-NRCL), Muzaffarpur, with financial support from the Ministry of Micro, Small and Medium 
Enterprises (MSME), Government of India. The programme was conducted from 16–22 February with the objective of 
promoting entrepreneurship in litchi processing, value addition, and post-harvest management.

The ESDP programme aimed to develop technical and entrepreneurial skills among participants including students, 
farmers, rural youth, and aspiring entrepreneurs. During the training programme, experts from ICAR-NRCL and 
other institutions delivered lectures and practical demonstrations on various aspects of litchi production, processing 
technologies, post-harvest management, packaging, and value-added product development. Participants were trained in 
the preparation of litchi-based products such as beverages, pulp, processed products, and preserved items, along with 
discussions on quality control, food safety, packaging technologies, and shelf-life enhancement. Sessions were also 
conducted on business planning, enterprise establishment, financial management, marketing strategies, and government 
schemes for entrepreneurs. Hands-on demonstrations and laboratory visits were organized to provide participants with 
practical exposure to processing equipment and post-harvest technologies. Interaction sessions with scientists and industry 
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experts helped participants understand the potential of establishing small-scale agro-processing units based on litchi and 
other horticultural commodities.

The programme created awareness about the opportunities available in agro-based entrepreneurship, particularly in 
regions where litchi is a major horticultural crop. Participants gained knowledge about value chain management, market 
opportunities, and the importance of adopting scientific techniques for improving product quality and profitability. 
Overall, the ESDP programme served as an effective platform for capacity building and motivated participants to explore 
entrepreneurial opportunities in the litchi processing and post-harvest sector, thereby contributing to rural employment 
generation and strengthening the value chain of litchi-based industries.

Conclusion
The MSME sector plays a vital role in promoting entrepreneurship, employment generation, and economic growth in India. 
Through its diverse schemes and training programmes, MSME provides financial, technical, and institutional support to 
aspiring entrepreneurs. Initiatives such as the Entrepreneurship and Skill Development Programme (ESDP) help bridge 
the gap between knowledge and enterprise creation by equipping individuals with practical skills and business insights. 
Programmes conducted at institutions like ICAR-NRCL further strengthen agro-based entrepreneurship and encourage 
value addition in horticultural crops such as litchi, thereby enhancing income opportunities for farmers and rural youth.
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CHAPTER 2

OVERVIEW OF FOOD PROCESSING
Food processing refers to a series of scientific, technological, and engineering operations applied to agricultural and 
animal-derived raw materials to convert them into safe, nutritious, shelf-stable, and marketable food products. These 
operations involve physical, chemical, and biological transformations designed to enhance the functional attributes of 
food, extend storage stability, and improve consumer acceptability.

From a technological perspective, food processing plays a critical role in the agri-food value chain by reducing post-harvest losses, 
ensuring food safety, improving nutritional availability, and facilitating value addition to primary agricultural commodities. In 
addition, processing enables efficient storage, transportation, and commercialization of perishable food materials.

Objectives of Food Processing
The principal objectives of food processing include:

1.	 Preservation and Shelf-life Extension: Food processing techniques such as refrigeration, dehydration, thermal sterilization, 
and canning inhibit microbial growth and enzymatic spoilage, thereby extending the storage life of food products.

2.	 Food Safety Enhancement: Processing methods including pasteurization, sterilization, and irradiation eliminate or 
reduce pathogenic microorganisms and toxins, ensuring microbiological safety of food products.

3.	 Convenience and Product Diversification: Processing enables the development of ready-to-eat (RTE), ready-to-
cook (RTC), and convenience foods that cater to changing consumer lifestyles and urban dietary patterns.

4.	 Value Addition and Economic Utilization: Transformation of raw agricultural commodities into processed 
products significantly enhances their market value. For example, conversion of fruits into beverages, jams, jellies, or 
canned products generates higher economic returns.

5.	 Quality Standardization and Consistency: Processing helps maintain uniformity in flavour, texture, colour, and 
nutritional composition, thereby meeting regulatory standards and consumer expectations.

Types of Food Processing
Table 1: Classification of Food Processing Operations

Type Example Techniques Example Products
Primary Processing Washing, sorting, grading, peeling, cutting Fresh fruits, vegetables, cleaned grains
Secondary Processing Cooking, fermentation, pasteurization, milling Bread, cheese, pickles, fruit juices
Tertiary Processing Packaging, preservation, formulation of 

ready-to-eat foods
Instant noodles, frozen meals, snack foods

Common Food Processing Techniques
Food processing technologies can broadly be categorized into the following groups:

y	 Thermal Processing: Includes boiling, blanching, pasteurization, sterilization, baking, and frying. These techniques 
are widely used for microbial inactivation and enzyme control.

y	 Mechanical Processing: Operations such as cutting, grinding, pulping, pressing, and extrusion modify the physical 
structure of food materials and facilitate further processing.

y	 Chemical Processing: The use of preservatives, antioxidants, acidity regulators, and flavouring agents helps 
stabilize food products and enhance sensory attributes.
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y	 Biological Processing: Fermentation processes employing beneficial microorganisms are widely used to produce 
products such as yogurt, cheese, pickles, and alcoholic beverages.

y	 Emerging Non-thermal Technologies: Innovative techniques such as high-pressure processing (HPP), pulsed 
electric fields (PEF), and pulsed light are gaining importance due to their ability to preserve food with minimal 
nutrient loss.

Current Status of the Food Processing Sector in India
The food processing sector is one of the fastest-growing segments of the Indian economy and serves as a crucial link 
between agriculture and industry. The sector contributes approximately 7.7% to India’s manufacturing Gross Value 
Added (GVA) and provides employment to nearly 7 million people, reflecting its significant socio-economic importance.

The industry is experiencing steady expansion with an estimated annual growth rate of about 8%. The market size of the 
Indian food processing sector was valued at approximately USD 866 billion in 2022 and is projected to reach nearly USD 
1.27 trillion by 2027, driven by increasing urbanization, rising disposable income, evolving dietary preferences, and rapid 
growth in organized retail and e-commerce.

Despite being one of the world’s largest producers of agricultural commodities, India processes less than 10% of its total 
agricultural output, which remains significantly lower compared to many developed economies. The level of processing 
across different commodities varies considerably:

y	 Fruits and vegetables: ~2%
y	 Marine products: ~8%
y	 Milk and dairy products: ~35%
y	 Poultry products: ~6%

This limited processing capacity results in substantial post-harvest losses and underutilization of agricultural resources.

India’s processed food exports reached nearly USD 8 billion in FY 2023–24, contributing to the total agricultural exports of 
approximately USD 48 billion. However, with improved quality standards, enhanced branding, and adherence to international 
food safety regulations, the country has significant potential to expand its global market share in processed food products.

Consumer demand patterns in India are also undergoing rapid transformation. The share of packaged and processed foods 
in household consumption expenditure has increased significantly, particularly in urban areas, where it has risen from 
about 9% to nearly 23% over the past decade. Modern consumers increasingly prefer high-protein, clean-label, minimally 
processed, functional, and ready-to-eat food products, which is driving innovation within the sector.

Government Initiatives Promoting Food Processing
The Government of India has introduced several policy initiatives and investment schemes to strengthen the food processing 
ecosystem, enhance infrastructure, and encourage entrepreneurship.

Table 2: Major Government Schemes Supporting Food Processing Development

Scheme/Area Key Highlights
PMFME (Pradhan Mantri Formalisation 
of Micro Food Processing Enterprises)

More than 1.4 lakh credit-linked loans approved; capacity building and 
training through over 75 incubation centres

PM-Kisan Sampada Yojana Supported more than 1,600 food processing projects; generated 
approximately 7.6 lakh employment opportunities and benefited over 5.3 
million farmers

Production Linked Incentive (PLI) 
Scheme for Food Processing

Over ₹1,300 crore incentives disbursed; attracted investments exceeding 
₹7,000 crore
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Scheme/Area Key Highlights
Mega Food Parks and Cold Chain 
Infrastructure

41 Mega Food Parks sanctioned (24 operational) and around 400 cold-
chain projects established to reduce post-harvest losses

Foreign Direct Investment (FDI) 100% FDI permitted under the automatic route; the sector has attracted 
more than USD 11 billion in FDI since 2000

These initiatives aim to modernize processing infrastructure, reduce wastage, strengthen supply chains, and promote value 
addition to agricultural commodities.

Litchi Processing and Value Addition
Litchi (Litchi chinensis Sonn.) is a highly valued subtropical fruit known for its distinctive flavour, aroma, and nutritional 
richness. Several value-added products can be prepared from litchi, including litchi beverages (RTS drinks, squash, 
nectar), canned litchi, dried litchi (litchi nuts), litchi wine, and litchi-based confectionery products.

However, fresh litchi has an extremely short post-harvest shelf life, primarily due to rapid pericarp browning, moisture loss, 
and microbial deterioration. These limitations significantly restrict long-distance transportation and market availability 
of fresh fruits. Consequently, processing of litchi into shelf-stable products is essential for extending its utilization and 
minimizing post-harvest losses.

According to the 3rd Advance Estimates (2021–22) released by the Ministry of Agriculture and Farmers Welfare, litchi 
cultivation in India covers approximately 99,200 hectares, with an annual production of nearly 726,000 metric tonnes 
and an average productivity of 7.5 MT per hectare. Despite this substantial production, only about 2% of total litchi 
output undergoes processing, while post-harvest losses exceed 20%, largely due to inadequate storage infrastructure, 
poor handling practices, and limited processing facilities. This gap between production and processing highlights the 
urgent need to strengthen the litchi processing sector. Establishment of decentralized micro-scale processing units can 
significantly reduce wastage, enhance farmer income, and promote rural entrepreneurship. Moreover, the growing 
consumer demand for natural, exotic, and nutritionally rich fruit-based products presents strong commercial potential for 
litchi-derived processed products.

Promotion of litchi processing through technology dissemination, skill development, infrastructure creation, and financial 
support can play an important role in developing a sustainable value chain in litchi-growing regions.

Key Challenges in the Food Processing Sector
Despite significant growth potential, the Indian food processing industry faces several structural and operational challenges:

y	 Fragmented supply chains and inadequate cold-chain infrastructure, leading to 25–30% post-harvest losses in perishable 
commodities.

y	 Complex regulatory frameworks and compliance requirements, which create barriers for small and medium enterprises.

y	 Quality and food safety issues, affecting international trade competitiveness.

y	 Limited skilled workforce, with only about 3% of workers receiving formal training in food processing technologies.

y	 Restricted access to finance for MSMEs, limiting technological adoption and modernization.

Addressing these challenges through integrated policy support, infrastructure development, and technological innovation will be 
crucial for unlocking the full potential of India’s food processing sector.
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CHAPTER 3

ENTREPRENEURSHIP DEVELOPMENT IN FOOD 
PROCESSING

Concept of Entrepreneurship
Entrepreneurship is a dynamic process involving the identification of economic opportunities, development of innovative 
solutions, and establishment of a business enterprise to deliver goods or services in a profitable and sustainable manner. It 
encompasses the mobilization of resources, management of risks, and strategic decision-making aimed at creating value 
for consumers and society.

In an economic context, entrepreneurship plays a crucial role in promoting innovation, generating employment, and 
accelerating economic growth by transforming ideas into viable commercial ventures. Entrepreneurs act as catalysts of 
economic development by introducing new products, improving production methods, and enhancing market efficiency.

An entrepreneur can therefore be defined as an individual who undertakes the responsibility of organizing and managing 
a business enterprise while assuming the associated financial, operational, and market risks in pursuit of profit and long-
term growth.

Key Characteristics of an Entrepreneur
An entrepreneur typically performs the following functions:

y	 Opportunity Identification: Recognizing unmet market needs or potential business opportunities.

y	 Risk Taking: Accepting financial, technological, and operational risks associated with business ventures.

y	 Resource Mobilization: Organizing and efficiently utilizing resources such as capital, labour, technology, and raw 
materials.

y	 Innovation and Creativity: Developing new products, services, or processes to gain competitive advantage.

y	 Leadership and Management: Coordinating activities and guiding teams toward achieving business objectives.

Types of Entrepreneurships
Entrepreneurial ventures can be classified based on their scale, objectives, and innovation orientation.

Table 3: Major Types of Entrepreneurships

Type Description Example
Small Business 
Entrepreneurship

Small-scale enterprises catering to local markets, 
typically operated by individuals or families

Retail shops, local service 
providers, food stalls

Scalable Startup 
Entrepreneurship

Innovation-driven ventures designed for rapid expansion 
and large-scale market penetration

Flipkart, Zomato

Social Entrepreneurship Enterprises that focus on addressing social or environmental 
issues while maintaining financial sustainability

SELCO Solar, Araku Coffee

Corporate 
Entrepreneurship

Entrepreneurial activities within large organizations 
aimed at developing new products or business units

Innovation divisions within 
Tata Group

Agri/Food 
Entrepreneurship

Enterprises focused on value addition, processing, and 
commercialization of agricultural and food products

Amul, Paper Boat
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Entrepreneurship Development Process
The process of establishing a successful entrepreneurial venture typically follows a systematic sequence of stages, 
beginning with idea generation and progressing toward business expansion.

1.	 Idea Generation: Identification of potential business opportunities based on market needs, technological innovations, 
or resource availability.

2.	 Market Research and Feasibility Analysis: Evaluation of demand patterns, target consumers, competition, pricing 
strategies, and regulatory requirements.

3.	 Business Planning: Preparation of a comprehensive business plan outlining product concept, operational strategy, 
financial projections, and marketing approach.

4.	 Funding and Resource Mobilization: Arrangement of financial capital, infrastructure, technology, and human 
resources required for business establishment.

5.	 Product Development and Testing: Development of prototypes or initial products followed by quality testing and 
consumer validation.

6.	 Business Launch and Marketing: Introduction of the product or service into the market through branding, 
promotion, and distribution channels.

7.	 Operations and Management: Efficient management of production, supply chain, human resources, and financial activities.

8.	 Growth and Scaling: Expansion of production capacity, diversification of product lines, and penetration into new markets.

Sources of Entrepreneurial Financing
Access to financial resources is a critical factor for the establishment and growth of entrepreneurial ventures. Entrepreneurs 
may obtain funding from multiple sources depending on the scale and nature of their enterprise.

•	 Self-financing (Bootstrapping): Personal savings invested by the entrepreneur.

•	 Family and Friends: Informal funding sources during the initial stages of business development.

•	 Angel Investors: High-net-worth individuals providing early-stage investment in exchange for equity.

•	 Venture Capital: Institutional investment for high-growth startups with strong scalability potential.

•	 Bank Loans and Financial Institutions: Term loans, working capital loans, and credit facilities.

•	 Government Grants and Support Schemes: Programs such as Startup India, PMEGP, and Mudra Loans that 
provide financial assistance and incentives.

Entrepreneurship, therefore, extends beyond merely establishing a business; it involves the creation of innovative solutions 
that address real-world problems while generating economic and social value.

Food-Based Entrepreneurship Development
Food-based entrepreneurship refers to the establishment and management of enterprises engaged in the processing, 
manufacturing, packaging, storage, and distribution of food products. This sector forms a crucial link between agriculture 
and industry by transforming raw agricultural commodities into value-added food products with improved shelf life, 
marketability, and consumer appeal.

Importance of Food-Based Entrepreneurship
Food entrepreneurship plays a significant role in strengthening the agri-food value chain and rural economy through 
several mechanisms:
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1.	 Value Addition to Agricultural Produce: Processing of raw agricultural commodities into higher-value products 
increases farmer income and reduces market dependency on fresh produce.

2.	 Reduction of Post-Harvest Losses: Processing technologies convert perishable commodities into shelf-stable 
products, minimizing losses during storage and transportation.

3.	 Employment Generation: Food processing enterprises create direct and indirect employment opportunities in 
production, packaging, logistics, and marketing.

4.	 Promotion of Rural and Agro-based Industries: Establishment of micro and small food enterprises in rural areas 
supports local economic development and entrepreneurship.

5.	 Food and Nutritional Security: Development of diversified and fortified food products helps improve food 
availability and nutritional intake.

Status and Opportunities for Food Entrepreneurship in India
India possesses immense potential for food-based entrepreneurship due to its vast agricultural diversity and large consumer 
market. Increasing urbanization, changing lifestyles, and rising health awareness have significantly boosted demand for 
processed, hygienic, and convenience foods. The expansion of organized retail, e-commerce platforms, and cold-chain 
logistics has further improved market accessibility for small and medium food enterprises.

Government Support for Food Entrepreneurship
To promote entrepreneurship in the food processing sector, the Government of India has launched several initiatives that 
provide financial assistance, infrastructure support, and capacity building for micro and small enterprises.

Key schemes include:
•	 PM Formalisation of Micro Food Processing Enterprises (PM-FME): Provides credit-linked subsidies, training, 

and technical support to micro food processing units to improve productivity and product quality.

•	 Startup India Initiative: Encourages innovation-driven startups through tax benefits, incubation support, and 
simplified regulatory procedures.

•	 Prime Minister’s Employment Generation Programme (PMEGP): Provides financial assistance and subsidies 
for establishing micro enterprises in rural and urban areas.

•	 Food Processing Fund: Offers long-term credit support for establishing food processing units and infrastructure 
facilities.

These initiatives aim to strengthen the food entrepreneurship ecosystem by facilitating technology adoption, skill 
development, quality certification, and market integration.

Future Prospects
With the integration of modern food processing technologies, improved supply chain infrastructure, and enhanced 
entrepreneurial capacity, food-based entrepreneurship offers a sustainable pathway for rural development, income 
generation, and agricultural diversification.

Encouraging entrepreneurship in the food sector not only promotes value addition and agro-industrial growth but also 
contributes significantly to national economic development, employment creation, and food security.
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CHAPTER 4

STARTING A FOOD BUSINESS
Starting a food business involves several key steps like creating a solid business plan, securing necessary licenses 
and permits (including FSSAI), choosing a suitable business structure, and establishing your online presence. Careful 
consideration of your target audience, menu, and location is crucial for success.

The major considerations for starting a food business involves:

•	 Identifying the niche area: It involves choosing a specific area based on interest, skills, and market demand like 
Packaged foods (snacks, juices, ready-to-eat meals), bakery, beverages etc.

•	 Market research: It involves identifying the target consumers (preferences, location, age group), competition 
(existing brands, pricing, packaging), demand gaps and unique selling propositions (USP)

•	 Preparation of business plan: It includes product range and pricing, Investment and cost structure, distribution 
strategy (online, retail, home delivery), marketing approach and projected profit/loss

•	 Registering of business: Next step is registering a business under proprietorship, partnership, or private entity 
etc. It further involves applying for GST Registration, FSSAI License (mandatory for all food businesses), Shop & 
Establishment License (from local municipal office), Trademark (for brand protection)

•	 Product development: It involves setting up all the facilities for necessary processing and product manufacturing

•	 Funding and budgeting: It involves seeking for the funding from different sources for smooth running of business 
and further budgeting to manage the economics of the business.

•	 Sales and distribution: It involves channelising the product through local markets or kirana stores, Online delivery 
platforms (Swiggy, Zomato, BigBasket), own website/social media, exhibitions, and farmer markets

•	 Branding and marketing: It involves innovations like Logo, packaging, and tagline, Product story (origin, benefits, 
health focus, etc.), Online presence: Instagram, Facebook, WhatsApp Business, Customer feedback and reviews

•	 Monitoring, improve and scale: It includes tracking costs, sales, and profits, gathering customer feedback, scaling 
up with automation

Legal requirements for starting a food business:
1.	 Registration: Business can be registered with FSSAI for petty food business. Other registrations like for hotels 

separate registration with state tourism department, registering with UDYAM for MSME etc. is required.

2.	 Licenses: FSSAI license which may be state license or central license is required for food beverage business. 

3.	 NOCs (No objection certificates): It varies from with state and type of business for example, in case of hotel 
business, fire safety NOC is required, pollution control board NOC from CPCB or from public works department etc. 

4.	 GST (Goods and service tax): For annual revenue less than 20 lakh and if the business is within the state and not 
through online platform, then GST is not mandatory. After taking GST, monthly returns need to be filed. It also helps 
in preferential treatment from banks for loans and availing government schemes.

Udyam registration
It is also known as MSME registration, provides numerous benefits to micro, small, and medium enterprises (MSMEs) 
in India. These benefits include access to government schemes, financial assistance like collateral-free loans and lower 
interest rates, priority in government tenders, and various other subsidies and concessions.
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Fig. 1: Types of Enterprise (source: https://aagey.com/benefits-of-udyam-registration-for-msmes)

FSSAI registration and Licenses:
FSSAI Registration and FSSAI License are both related to food safety regulations in India, but they differ in their scope 
and requirements. FSSAI Registration is a basic registration for small food businesses with an annual turnover up to ₹12 
lakh, while FSSAI License is required for medium and large-scale food businesses with higher turnovers and production 
capacities (12 lakh-20 crore for state license and for more than 20 crores central license).

Every person (natural or artificial) involved in food business, such as manufacturing, processing, storage, distribution, 
and sale of food products must compulsorily obtain FSSAI Registration or License. FSSAI Registration is different from 
the FSSAI License depending on the size and nature of the business. Food Business Operators (FBOs) should obtain the 
necessary registration or license depending on the size of their businesses. FSSAI Registration is a 14-digit registration 
or a license number that is printed on all the food packages. The 14-digit registration number gives details about the 
assembling state and producer’s permit. This registration procedure is aimed to create more accountability on the FBO to 
maintain the quality of the food products. The licensing and registration procedure and requirements are regulated by Food 
Safety & Standards (Licensing and Registration of Food Business) Regulations, 2011.

Procedure for Obtaining FSSAI Registration Online
•	 FBOs can obtain FSSAI registration online by filling and submitting the FSSAI registration form, i.e. Form A 

(application for Registration) or Form B (application for State and Central License) on the FoSCoS portal. The FBOs 
can also register offline by submitting Form A or Form B to the Food and Safety Department.

•	 The FSSAI registration form must be accompanied by the required documents. The documents must be uploaded 
online on the FoSCos portal at the time of filling the application or submitted to the Food and Safety Department 
along with the application physically.

•	 The FSSAI registration form can be accepted or it may be rejected by the Department within 7 days from the date of 
receipt of an application either physically or online through the FoSCoS portal. If the application is rejected it has to 
be intimated to the applicant in writing.

•	 The Department will scrutinise the documents submitted.

•	 The Department may conduct an inspection of the food premises, before granting the FSSAI registration certificate, 
if necessary.

11

Processing and Post-HarvestProcessing and Post-Harvest
Value Chain Management in LitchiValue Chain Management in Litchi



•	 If the Department is satisfied that the FBO meets all the required criteria, then it will grant an FSSAI registration 
certificate with the registration number and the photo of the applicant email ID. The applicant can also download the 
FSSAI registration certificate by logging into the FoSCoS portal.

•	 FBO should prominently display the certificate of FSSAI registration at the place of business during business hours.

Table 4: Fee for registration and license in different categories

Category Fee (Rs.)
Registration 100
License issued by Central Licensing Authority 7,500
License issued by State Licensing Authority
1. Manufacturer/Miller
  a) Above 1 MT/day production or 10,001–50,000 LPD of milk or 501–2,500 MT milk solids per annum 5,000
  b) Below 1 MT/day production or 501–10,000 LPD of milk or 2.5–500 MT milk solids per annum 3,000
2. Hotels – 3 Star and above 5,000
3. All Food Service providers (including restaurants/boarding houses, clubs, etc. serving food; canteens 
in schools, colleges, offices, institutions; caterers; banquet halls with food catering)

2,000

4. Any other Food Business Operator 2,000

Detailed requirements for a small-scale food processing enterprise

For setting up a small-scale food processing plant following are the basic preparations and requirements:

•	 Preliminary Planning and Feasibility: It involves product selection e.g., fruit juice, jam, dehydrated fruit, pickles, 
etc., exploring market demand, raw material availability, technology selection, and a basic cost-benefit analysis 
based on estimated capital investments, recurring costs, and profit.

•	 Land and Building Requirements: A small-scale food processing unit requires a land area of about 800–1500 sq. 
ft., which can be expanded up to 3000 sq. ft. The land may be owned, leased, or located in an approved industrial 
shed or food park. The building should be designed as per FSSAI hygiene and GMP norms with separate sections 
for raw material handling, processing, packaging, and storage. Flooring should be non-slippery and easily washable, 
preferably made of tiles or cement. The facility must have adequate natural and artificial lighting with proper 
ventilation and exhaust systems. Drainage should have a suitable slope for wastewater flow, and waste disposal 
should be managed through composting or an effluent treatment plant (ETP) for solid and liquid waste.

•	 Machinery and Equipment: Depends on the product type — for example, fruit juice and dehydration unit may include:

Table 5: Machinery and equipment in food processing

Category Equipment Examples
Pre-processing Fruit washer, sorting table, peeler, cutter, pulper
Processing Juice extractor, pasteurizer, steam kettle, dehydration tray dryer
Filling & Packaging Bottle/jar filling machine, sealing machine, labeling machine
Quality Control Weighing balance, refractometer, pH meter, moisture analyzer
Utilities RO water system, boiler or heating unit, cold storage room (for perishable items)

•	 Utilities and Infrastructure: A small-scale food processing unit requires a reliable power supply of about 5–10 kW, 
preferably a three-phase connection. The water requirement is around 500–1000 liters per day of potable quality for both 
drinking and processing purposes. LPG or biomass is generally used as fuel for heating operations. Waste management 
should include composting of organic residues and proper effluent treatment for wastewater. For product preservation, 
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a cold chain facility or cold storage maintained at 2–8°C is essential for storing juice and pulp. Transportation can be 
managed through a light commercial vehicle or by establishing tie-ups with logistics partners for product distribution.

•	 Manpower Requirement: A small-scale food processing unit generally employs around two to three skilled workers 
responsible for machine operation and quality testing, along with two to three semi-skilled workers or helpers engaged 
in washing, cutting, and packaging activities. One supervisor or manager is required to oversee production and maintain 
records, while one administrative staff member handles billing, documentation, and marketing-related tasks.

•	 Licensing and Regulatory Approvals: 

License / Registration Issuing Authority Purpose
Udyam Registration MSME portal Recognition as a micro/small enterprise
FSSAI License Food Safety and Standards Authority of India Mandatory for all food businesses
GST Registration GST Department For tax compliance and billing
Trade License Local Municipal Authority Permission to operate business
Pollution Control NOC Bihar State Pollution Control Board For waste management compliance
Factory License (if applicable) Department of Industries, Bihar For units employing >10 workers
Trademark / Brand Registration Controller General of Patents, India Protect your brand name and logo
Agmark / BIS Certification (optional) DMI / BIS For quality assurance and export readiness

Financial Details for Squash Manufacturing Unit (100 L/Day) in India

This estimated financial analysis is for a small-scale fruit squash manufacturing unit (primarily mango/orange/litchi-
based, seasonal) producing 100 L/day squash. Assumptions are based on typical micro food processing operations in India 
(2025 data), 200 operating days/year (seasonal fruit availability in Bihar), and conservative estimates. The unit is semi-
automatic, suitable for local/wholesale markets.

Key Assumptions
•	 Annual Capacity (at 80% utilization): 16,000 L/year.

•	 Raw Materials: Fruits (~300-400 kg/day), sugar, preservatives; cost ~₹100-120/L finished squash.

•	 Selling Price: ₹200-250/L (wholesale average; retail higher, e.g., ₹250-300 for branded).

•	 Annual Revenue: ₹32-40 lakh (at ₹225/L average).

•	 Operating Days: 200/year (focused on Bihar fruits like mango, litchi).

•	 Depreciation: Straight-line (10-15% on machinery).

•	 Interest Rate: 12% on loans.

•	 Subsidies: Eligible under PMFME Scheme (35% credit-linked subsidy, max ₹10 lakh for micro units).

1. Project Cost (Capital Expenditure)

Item Estimated Cost (₹ Lakh)
Land (leased/small plot) 2-5
Building & Civil Works (400-600 sq.m. shed) 8-12
Plant & Machinery (pulper, mixer, boiler, pasteurizer, bottling - semi-automatic for 
100 L/day)

12-18

Utilities (power, water treatment) 2-4
Miscellaneous (lab tools, furniture) 1-2
Pre-operative & Working Capital Margin 2-3
Total Project Cost 27-44 Lakh (Average: ₹35 Lakh)
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y	 Eligible for PMFME subsidy: Up to ₹10 lakh.
2. Means of Finance

Source Amount (₹ Lakh) Percentage
Promoter’s Equity 10-12 30-35%
Bank Term Loan 15-18 45-50%
Subsidy (PMFME) 8-10 20-25%
Working Capital Loan 3-5 10%

Total 35 100%

3. Annual Operating Costs (at 80% Capacity)

Item Estimated Cost (₹ Lakh/Year)
Raw Materials (fruits @ ₹20-30/kg, sugar, etc.) 12-15
Labor (5-7 workers @ ₹12,000-15,000/month) 7-9
Power & Fuel 2-3
Packaging (PET bottles, labels) 3-4
Maintenance, Transport & Marketing 2-3
Overheads & Admin 1-2

Total Operating Costs 27-36 Lakh

•	 Fixed Costs: ~₹9-11 lakh/year (depreciation ₹3 lakh, interest ₹2 lakh, salaries).

•	 Variable Costs: ~₹18-22 lakh (scales with production).

4. Profitability Projections (at Capacity Utilization)

Year Revenue (₹ Lakh) Operating Costs (₹ 
Lakh)

Profit Before Tax (₹ 
Lakh)

Net Profit After Tax 
(₹ Lakh)

Year 1 (60%) 20-24 24-28 -2 to 0 (initial phase) -1 to 0

Year 2 (80%) 32-40 27-30 4-8 3-6

Year 3+ (90-100%) 36-45 29-32 6-10 4-7

•	 Average Annual Profit: ₹4-7 lakh (post Year 2, with subsidies).

•	 Payback Period: 4-6 years (faster with PMFME subsidy).

•	 ROI: 18-25% after stabilization.

•	 IRR: ~22-28% over 10 years.

5. Break-Even Point (BEP) Analysis

Break-even when revenue covers all costs.

•	 Fixed Costs: ₹9-11 lakh/year.

•	 Variable Cost per L: ~₹120-140 (65-70% of sales).

•	 Contribution Margin: 30-35%.

•	 BEP Sales Value: ₹30-35 lakh/year (~70-80% capacity).

•	 BEP in Units: 12,000-14,000 L/year.

•	 BEP as % of Capacity: 60-75% (achievable by Year 2).
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•	 Product Processing Schedule (Monthly Plan): Since the fruit product have seasonal availability, the established 
unit should have a steady supply of raw material throughout the year for its sustenance. Considering this a basic 
monthly plan for the activities and products to-be processed is given below:

Month Main Raw Material Product Processed Remarks / Output
January Guava, Amla Guava nectar, amla candy, amla powder Off-season dehydration
February Pineapple, Carrot Mixed fruit beverage, pineapple slices Low supply – storage month
March Mango (early), Papaya RTS beverage base, dried papaya Stock buildup
April Mango Mango pulp, juice, dehydrated mango slices Peak mango season starts
May Mango, Litchi Mango nectar, litchi juice High beverage demand
June Litchi, Pineapple Litchi squash, pineapple candy Dual product line
July Jamun, Lemon Jamun RTS, lemon concentrate Rainy season processing
August Banana, Papaya Banana chips, papaya flakes Drying-based products
September Apple, Pear Apple juice, dried apple rings Moderate output
October Tomato, Guava Tomato puree, guava nectar Pre-winter drinks
November Orange, Amla Orange squash, amla candy Vitamin C beverages
December Mixed fruits Mixed fruit squash, dehydrated mix Stock for off-season sale

•	 Marketing and Distribution

The products can be marketed through local markets, fruit shops, schools, and supermarkets, with additional supply to 
hotels, restaurants, and caterers under the HORECA sector. Promotion can also be done through e-commerce platforms 
and social media under local brands, along with participation in fairs and exhibitions organized by the Bihar Industries 
Department, NABARD, and District Industries Centre (DIC).
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CHAPTER 5

FOOD SAFETY AND QUALITY MANAGEMENT  
(GAP, GHP, GMP, HACCP)

Introduction
Food safety is the cornerstone of any successful food processing operation. Contamination at any stage—from farm to 
fork—can lead to foodborne illnesses, product recalls, financial losses, and damage to brand reputation. In India, the Food 
Safety and Standards Authority of India (FSSAI) enforce stringent regulations under the Food Safety and Standards Act, 
2006, making compliance with Good Agricultural Practices (GAP), Good Hygiene Practices (GHP), Good Manufacturing 
Practices (GMP), and effective cleaning systems mandatory.

These practices form the prerequisite programs for advanced food safety systems such as Hazard Analysis and Critical 
Control Points (HACCP), ISO 22000, and FSSC 22000. For small and medium-scale food processing units (common in 
fruit-based products like squash, juices, and biscuits), implementing these practices not only ensures regulatory compliance 
but also improves operational efficiency, reduces wastage, and enhances market acceptability.

This chapter provides a detailed overview of GAP, GHP, GMP, and Cleaning-in-Place (CIP) systems, with practical 
guidance tailored to food processing units in India.

Good Agricultural Practices (GAP)
Good Agricultural Practices refer to the methods applied at the farm level to produce safe and wholesome raw materials 
while ensuring environmental sustainability and worker welfare.

Key Objectives:
•	 Minimize microbial, chemical, and physical hazards in raw materials.

•	 Ensure traceability from farm to processing unit.

•	 Promote sustainable farming.

Major Components:
1.	 Site Selection and Soil Management
	 o	 Avoid fields near industrial areas, landfills, or heavy traffic to prevent chemical contamination.

	 o	 Test soil and water regularly for heavy metals, pesticides, and pathogens.

2.	 Water and Irrigation
	 o	 Use potable or treated water for irrigation.

	 o	 Avoid overhead irrigation close to harvest to reduce microbial contamination.

3.	 Fertilizer and Pesticide Use
	 o	 Follow integrated pest management (IPM).

	 o	 Maintain records of pesticide application, adhering to Maximum Residue Limits (MRLs) prescribed by FSSAI and Codex Alimentarius.

4.	 Worker Hygiene and Training
	 o	 Provide toilet facilities, handwashing stations, and training on personal hygiene.

	 o	 Restrict sick workers from handling produce.
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5.	 Harvesting and Post-Harvest Handling
	 o	 Use clean containers and tools.
	 o	 Cool produce quickly (pre-cooling for fruits) to maintain quality.
	 o	 Implement traceability through batch marking.

Benefits for Processing Units: Raw materials sourced under certified GAP (e.g., IndiaGAP) have lower rejection rates 
and reduced processing risks. Many exporters and organized retailers now demand GAP certification.

Good Hygiene Practices (GHP)
GHP forms the foundation of food safety within the processing facility by preventing contamination through basic hygiene 
measures.

Key Requirements under FSSAI Schedule 4:
1.	 Location and Layout
	 o	 Facility should be located away from environmentally polluted areas.
	 o	 Layout must ensure unidirectional flow (raw → processed → packaged) to avoid cross-contamination.

2.	 Equipment and Utensils
	 o	 Food-contact surfaces must be non-toxic, smooth, non-absorbent, and corrosion-resistant (preferably stainless-steel SS 304/316).
	 o	 Easy to clean and disinfect.

3.	 Personal Hygiene
	 o	 Mandatory medical fitness certificates for food handlers.

	 o	 Protective clothing (aprons, caps, gloves, footwear), regular handwashing (with soap and 70% alcohol where required).

	 o	 No smoking, eating, or jewelry in processing areas.

	 o	 Visitors and workers must follow hygiene protocols.

4.	 Water Supply
	 o	 Only potable water (IS 10500 standards) for processing, cleaning, and ice-making.

	 o	 Regular testing and records maintained.

5.	 Pest Control
	 o	 Integrated pest management: proofing (sealing entry points), traps, and approved chemicals.

	 o	 No open baits in processing areas.

6.	 Waste Management
	 o	 Segregated storage and prompt disposal.

	 o	 Effluent treatment as per pollution control norms.

7.	 Cleaning and Sanitation
	 o	 Daily cleaning schedules with approved detergents and sanitizers (e.g., chlorine 50-100 ppm, quaternary ammonium compounds).

GHP compliance is audited during FSSAI licensing and inspections.

Good Manufacturing Practices (GMP)
GMP builds on GHP by ensuring consistent production and quality control.

Core Elements:
1.	 Documentation and Records
	 o	 Standard Operating Procedures (SOPs) for all processes.
	 o	 Batch records, cleaning logs, calibration records, and complaint registers.
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2.	 Process Control
	 o	 Critical parameters (temperature, pH, time) monitored and recorded.
	 o	 Prevention of cross-contamination through zoning and air flow.

3.	 Maintenance and Calibration
	 o	 Preventive maintenance schedule for equipment.
	 o	 Regular calibration of thermometers, weighing scales, pH meters.

4.	 Training
	 o	 All personnel trained in food safety (preferably FoSTaC-certified).
	 o	 Refresher training annually.

5.	 Quality Control and Testing
	 o	 Incoming raw material inspection.
	 o	 In-process checks and finished product testing (microbiological, chemical).
	 o	 Hold-and-release system for non-conforming products.

6.	 Recall and Traceability
	 o	 One-step forward, one-step backward traceability.
	 o	 Mock recall drills annually.

FSSAI provides detailed GMP guidelines for various sectors (e.g., fruit and vegetable products, bakery).

Cleaning-in-Place (CIP) Systems
CIP is an automated cleaning method widely used in closed systems (tanks, pipes, heat exchangers, fillers) without 
dismantling equipment.

Advantages:
•	 Consistent and reproducible cleaning.

•	 Reduced labor and downtime.

•	 Better safety (less chemical exposure).

Standard CIP Cycle:
1.	 Pre-rinse (2-5 min): Cold/hot water to remove loose residues.
2.	 Alkaline Wash (10-20 min): 1-2% caustic soda (NaOH) at 60-80°C for proteins and fats.
3.	 Intermediate Rinse: Remove alkali.
4.	 Acid Wash (optional): 0.5-1% nitric/phosphoric acid for mineral scales.
5.	 Final Rinse: Potable water until neutral pH.
6.	 Sanitization: Hot water (>85°C) or chemical sanitizer (e.g., 100 ppm chlorine).

Validation and Monitoring:
•	 Conductivity meters to detect detergent residues.
•	 ATP bioluminescence or swab tests for verification.
•	 Regular titration of cleaning solutions.

For small units without full automation, manual CIP or Clean-Out-of-Place (COP) can be adopted initially.

Integration with HACCP and Food Safety Management Systems
GAP, GHP, and GMP are prerequisite programs for HACCP implementation. Once these are robust, the unit can proceed to:

•	 Hazard analysis (biological, chemical, physical).

18

Advanced Entrepreneurship andAdvanced Entrepreneurship and
Skill Development Programme (A-ESDP)Skill Development Programme (A-ESDP)



•	 Identification of Critical Control Points (CCPs), e.g., pasteurization, metal detection.
•	 Establishing monitoring, corrective actions, verification, and records.

Certification to HACCP/ISO 22000 enhances market access, especially for institutional buyers and exports. HACCP 
(Hazard Analysis and Critical Control Points) is a preventive food safety system based on seven principles, as defined 
by the Codex Alimentarius Commission and adopted by FSSAI in India. It builds directly on prerequisite programs like 
GAP, GHP, and GMP to systematically identify, evaluate, and control hazards (biological, chemical, physical) that could 
compromise food safety.

The Seven Principles of HACCP
1.	 Conduct a Hazard Analysis: Identify potential hazards at each process step.
2.	 Determine Critical Control Points (CCPs): Points where control is essential to prevent or eliminate hazards.
3.	 Establish Critical Limits: Maximum/minimum values (e.g., temperature, time) for each CCP.
4.	 Establish Monitoring Procedures: Continuous or scheduled checks to ensure CCPs are under control.
5.	 Establish Corrective Actions: Steps to take if a CCP deviates.
6.	 Establish Verification Procedures: Confirm the HACCP system works (e.g., audits, testing).
7.	 Establish Record-Keeping and Documentation: Maintain records for traceability and review.

Conclusion and Recommendations
Robust implementation of GAP, GHP, GMP, and CIP systems is non-negotiable for sustainable food processing operations. 
For micro and small units in Bihar or similar regions:
•	 Start with FSSAI registration/license and basic GHP compliance.
•	 Train staff through Food Safety Training and Certification (FoSTaC) programs.
•	 Invest gradually in CIP and quality testing equipment.
•	 Maintain meticulous records for audits and continuous improvement.

These practices not only ensure compliance but also build consumer trust, reduce rejections, and contribute to long-term 
profitability. Food safety is a shared responsibility—commitment from management and employees is key to success.
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CHAPTER 5

POST-HARVEST MANAGEMENT AND VALUE 
ADDITION IN LITCHI

Litchi (Litchi chinensis Sonn.) is a sub-tropical evergreen fruit crop belonging to the Sapindaceae family and is the sole 
representative of the genus Litchi. Believed to have originated in Southern China, the fruit has been cultivated for thousands 
of years and is now predominantly grown in regions with specific climatic conditions, such as China and India. Litchi 
fruit is a valuable source of essential nutrients, particularly rich in vitamin C, which contributes to its strong antioxidant 
potential and supports immune function. Despite its commercial importance, litchi production is often challenged by 
physiological disorders like fruit cracking, typically triggered by environmental stress and sudden changes in temperature 
or humidity.

Table 6: Post-Harvest Challenges in Litchi 

Challenge Primary Causes Impact on Fruit Quality
Pericarp Browning Desiccation, mechanical/chilling injury, oxidation of 

phenolics and anthocyanins (PPO/POD activity), energy 
depletion, pH change

Red colour loss, dry and brittle skin, 
reduced commercial value

Post-harvest Decay/Rot Fungal infections (e.g., Aspergillus, Pestalotiopsis, 
Peronophythora, Geotrichum, Botryodiplodia, 
Colletotrichum, Rhizopus, Phomopsis, Penicillium, Fusarium 
spp.); facilitated by micro-cracks and handling injuries

Rot development, off-flavour, 
significant loss in market quality

Short Shelf-Life Rapid physiological degradation, temperature 
sensitivity, enzymatic browning

2 to 5 days at ambient conditions; 25–
43.8% loss across the supply chain

Aril Breakdown Senescence, over-maturity, prolonged storage Softening, loss of translucency, 
degraded taste and mouthfeel

Energy Deficiency Post-harvest cessation of water/nutrient supply; 
oxidative stress; ATP depletion

Membrane damage, enhanced ROS 
generation, accelerated browning and 
quality deterioration

Preservation of Fresh Litchi Fruit
Post-harvest preservation of Litchi chinensis has been a research priority due to the fruit’s short shelf life and high 
perishability. In recent decades, significant research has focused on non-chemical and eco-friendly approaches.

The major strategies explored for extending the shelf life of fresh litchi are:

1. Temperature Management (Pre-cooling and Cold Storage)
•	 Pre-cooling using hydro-cooling or air-cooling immediately after harvest removes field heat and slows metabolic 

activity. 

•	 Cold storage at 0–3.3°C and 85–95% RH significantly extends shelf life up to 30 days compared to 2–5 days at 
ambient conditions.

2. Modified Atmosphere Packaging (MAP) & Controlled Atmosphere Storage (CAS)
•	 MAP uses packaging materials like LDPE or BOPP as well as manage gaseous composition by infusing or diffusing 
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to regulate O
2
 and CO

2
 around the fruit, maintaining high humidity and slowing deterioration.

•	 CAS involves storing fruit under precise atmospheric conditions (e.g., 3–5% O
2
 and CO

2
 at 1°C), which can inhibit 

enzyme activity and delay browning and decay.

3. Chemical Treatments
•	 Preservative dip (KMS dip), acid dips (e.g., oxalic acid, HCl) help restore pericarp colour and inhibit PPO activity

•	 Chitosan coatings (1%) form a semi-permeable layer that slows oxidation, moisture loss, and microbial activity.

•	 Natural plant extracts (e.g., essential oils, Ginkgo biloba and anthocyanin) have antioxidant and antimicrobial effects.

4. Biocontrol Agents
•	 Use of antagonistic microbes such as Bacillus subtilis and Lactobacillus plantarum offers a biological alternative for 

controlling fungal decay.

•	 These agents suppress pathogens through competition or antimicrobial compounds, showing promise for use during 
cold storage.

5. Packaging Techniques
•	 Use of appropriate packaging (e.g., bamboo baskets, wooden crates, corrugated boxes lined with leaves or soft 

materials) helps maintain quality during handling and transport.

•	 Modern materials like perforated plastic films, foam boxes with ice packs, and polyethylene wraps help retain 
moisture and reduce bruising and microbial load.

Value Addition in Litchi
Value addition is essential for enhancing litchi’s commercial potential due to its short shelf life and high post-harvest 
losses. Despite India producing over 7.26 lakh MT of litchi (2021–22), only 2% is processed, with over 20% lost during 
handling. This highlights the need for shelf-stable, nutritious litchi products. In addition to products listed in Table 3, litchi 
is also used in creative preparations such as litchi sherbet, salad, and souffle for enhanced culinary appeal.

Fig. 1: Some of the value added products from litchi (left to right: litchmish, litchi nut, litchi RTS, litchi rasgulla)

Table 7: Summary of Value-Added Products from Litchi

Product Category Specific Product Key Characteristics

Dried Products Dried Litchi Sweet taste, dense fragrance, golden-yellow pulp, safe and non-toxic. 
Shelf life - 6 months.

Dehydrated Litchi Pulp Moisture removed, compact and shelf-stable. Storage life >1 year 
(refrigerated).

Osmo-dried Litchi Nut Shelf life up to 10 months. Suitable for use in snacks or beverages.
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Product Category Specific Product Key Characteristics

Beverages Litchi Juice Sweet-tart taste, rich in vitamin C, potassium, and magnesium.

Litchi RTS Contains 10% pulp, 10° Brix TSS, 0.3% acidity. Shelf life up to 4 months. 

Litchi Squash 30% juice, 40-45° Brix sugar syrup, 25 mg ascorbic acid/100 ml. Shelf 
life: 6 months (ambient), 9 months (refrigerated). 
Ascorbic acid limits browning.

Litchi Cordial Clear, pulp-free, sweetened juice. Shelf life: 8 months (room), 12 months 
(refrigerated).

Litchi Syrup High sugar content, low acidity. Used as base for drinks.

Canned Products Canned Litchi Packed in sugar syrup (30–35° Brix) with 0.2% citric acid. Shelf life -3 
months. Risk of pink discoloration due to anthocyanin-tin complex.

Fermented Product Litchi Wine Made from fermented litchi juice (20° Brix, 0.5% acidity), contains 
8–15% alcohol. Clean amber colour with rosy aroma

Other Products Litchi Honey Produced from litchi flower nectar. Pale yellow, balsamic aroma, >80° 
Brix TSS,Rich in enzymes, antioxidants, vitamins

Litchi Jam/Jelly Made from pulp or juice with sugar and citric acid. Jelly from 16% juice 
with 50:50 juice: sugar ratio stores well up to 1 year.

Litchi Chutney Traditional Indian condiment. Shelf life up to 1 year

Microbial spoilage and preservation of Litchi Beverages
Fresh juice is highly susceptible to spoilage as air and microbes from environment are mixed with juice. The low pH 
of juice favours yeast growth which can initiate fermentation. Generally, fruit surface is contaminated with aflatoxin 
producing moulds, which can enter into the juice and can contaminate it. Enzymes can also initiate oxidation which can 
change the colour of juice. Yeast is the major contaminant for the juice which can grow at low pH, high sugar concentration, 
low water activity etc. Fruit juices have simple carbohydrates and complex nitrogen sources and hence they are ideal 
for yeast. Yeast fermentation causes formation of CO

2
 and alcohol. It can also produce turbidity, flocculation, pellicles 

and clumping. Yeast can also produce pectinmethylesterase which causes pectin degradation, formation of organic acid, 
acetaldehyde, and development of fermented flavour. 

Pasteurization of juice at 90-950C for 4-10 s is effective against E-coli and salmonella, but is in effective for ascospores of heat-resistant 
fungi and some heat-resistant bacteria. Juice can be preserved either by low temperature storage, thermal or non-thermal processing 
or by using chemical preservatives. Pectin enzymes which damage flavour can be destroyed by heating for about 4 minutes at 850C 
or for 1 minute at 880C. Usually juices are pasteurized at 850C for 25-30 minutes. Acidic fruits need lesser temperature and time 
for pasteurization. To reduce the loss of flavour, flash pasteurization is used where, juice is processed rapidly at a temperature 5.50C 
higher than pasteurization temperature. For complete destruction of microbes, juice is sterilized at a temperature of around 1000C for 30 
minutes. Aseptic packaging is followed for sterilized products to maintain asepsis and preservation of juice for longer time at ambient 
condition. In low temperature preservation, juice is generally frozen at or below -180C to completely cease growth of microbes and 
enzyme activity. Quick freezing is preferred in this case to maintain the structure of juice. Chemical preservation is generally carried 
out using chemical preservatives like sulphur dioxide and Benzoic acid. Preservatives interfare with the mechanism of cell division of 
microbes, permeability of membrane, and activity of enzymes. Sulphur dioxide has good preserving action against bacteria and mould, 
also inhibits enzyme. It acts as oxidizing and bleaching agent. It can retard discoloration and retain ascorbic acid and carotenes. It has 
better preservative action than benzoic acid. At lower pH, even the lower amount of sulphur dioxide can cause better preservative action, 
but it cannot be used with tin containers as it can produce hydrogen sulphide. Benzoic acid is also used as preservative for fruit juices. Its 
antibacterial action is enhanced by acid and carbon dioxide, hence effective for carbonated beverages.
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CHAPTER 7

FINANCING STRATEGIES AND WORKING CAPITAL 
MANAGEMENT FOR ENTREPRENEURS

Introduction
Finance is one of the most critical resources for establishing and expanding an entrepreneurial venture. Entrepreneurs 
require financial resources at different stages of business development to purchase assets, operate the enterprise, expand 
production capacity, and sustain growth. Efficient financial planning ensures that the enterprise maintains liquidity, meets 
operational expenses, and achieves long-term profitability. Entrepreneurs generally depend on a mix of funding sources 
including personal savings, angel investment, venture capital, bank loans, government grants, and institutional finance. 
Financial planning also involves understanding the operating cycle of the business, estimating working capital needs, and 
identifying both long-term and short-term sources of funds.

This chapter discusses the major sources of financing for entrepreneurs, explains the concepts of operating cycle and 
working capital management, and provides practical methods for estimating capital requirements for new ventures.

Sources of Financing for Entrepreneurs
Entrepreneurial ventures rely on multiple sources of finance depending on the stage of business development and the scale 
of operations. These financing sources may broadly be classified into internal sources and external sources.

•	 Bootstrapping

Bootstrapping refers to financing a business using the entrepreneur’s own financial resources without relying heavily on 
external funding. This is usually the first stage of funding for many startups.

Common bootstrapping methods include:

	 o	 Personal savings

	 o	 Family and friends investment

	 o	 Reinvesting profits into the business

	 o	 Selling personal assets

	 o	 Minimizing operational expenses

Bootstrapping provides the entrepreneur with complete ownership and control over the business. It also reduces financial 
risk because there is no obligation to repay investors or lenders. However, it may limit the scale and speed of business 
growth due to limited funds.

Bootstrapping is particularly common in small enterprises, agri-startups, and rural enterprises, where entrepreneurs often 
begin with minimal capital.

•	 Angel Investment

Angel investors are wealthy individuals who invest their personal funds in early-stage startups in exchange for equity 
ownership. They usually invest during the early phases of business development when the risk is high but the potential for 
growth is significant.
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Angel investors provide several advantages:
•	 Early-stage financial support

•	 Business mentoring and guidance

•	 Networking opportunities

•	 Strategic advice

Angel investment is particularly important for startups that have innovative ideas but lack sufficient collateral to obtain 
bank loans. However, entrepreneurs must share ownership and decision-making authority with angel investors.

•	 Venture Capital

Venture capital (VC) refers to funds provided by investment firms that specialize in financing high-growth startups. 
Venture capitalists invest in businesses with strong potential for scalability and profitability.

Key features of venture capital financing include:
•	 Equity-based investment

•	 Long-term investment horizon

•	 Active involvement in management decisions

•	 Focus on innovation and technology-driven businesses

Venture capital funding typically occurs in stages such as:
1.	 Seed funding

2.	 Early-stage funding

3.	 Expansion funding

4.	 Late-stage funding

Venture capital firms expect high returns on investment and often exit through initial public offerings (IPO) or acquisition.

•	 Bank Loans and Institutional Finance

Commercial banks and financial institutions provide loans to entrepreneurs for both fixed capital and working capital 
requirements.

Bank financing generally takes two forms:
1.	 Term loans

2.	 Working capital loans

Term loans are provided for purchasing fixed assets such as machinery, buildings, and equipment. These loans are repaid 
over a fixed period with interest. Working capital loans are provided to finance day-to-day business operations such as 
purchasing raw materials, paying wages, and maintaining inventory.

Banks generally require:
•	 Collateral security

•	 Business plan

•	 Creditworthiness

•	 Financial projections

In India, various government schemes such as Startup India, MUDRA loans, and Stand-Up India support entrepreneurial 
financing.
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•	 Government Grants and Subsidies
Government agencies often provide financial assistance to promote entrepreneurship and innovation. These supports may 
include:
•	 Grants
•	 Subsidies
•	 Soft loans
•	 Credit guarantee schemes
•	 Technology development funds
Such financial assistance reduces the burden on entrepreneurs and encourages the development of startups, especially in 
agriculture, rural development, and food processing sectors.

•	 Crowd-funding
Crowd-funding is a modern method of raising funds through online platforms where a large number of people contribute 
small amounts of money.

Types of crowd-funding include:
•	 Reward-based crowd-funding
•	 Equity crowd -funding
•	 Donation-based crowd-funding
•	 Debt crowd-funding
Crowd-funding allows entrepreneurs to validate market demand and raise funds simultaneously.

Long-Term Financing
Long-term financing refers to funds required for investment in fixed assets that will be used in the business for several 
years. These assets typically include:
•	 Land
•	 Buildings
•	 Machinery
•	 Equipment
•	 Infrastructure
•	 Vehicles
Long-term financing sources include:

1.	 Equity capital
2.	 Venture capital
3.	 Term loans
4.	 Government financial assistance
5.	 Retained earnings
Long-term finance is crucial for establishing the operational foundation of the enterprise.

Short-Term Financing
Short-term financing is used to meet the working capital needs of the enterprise. These funds are typically required for 
less than one year.
Short-term financing is used for:
•	 Purchasing raw materials
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•	 Paying wages and salaries
•	 Managing inventory
•	 Meeting operational expenses
•	 Covering receivables
Common sources of short-term finance include:

•	 Bank overdrafts
•	 Cash credit
•	 Trade credit
•	 Factoring
•	 Short-term loans
Short-term financing helps maintain smooth day-to-day operations of the business.

Operating Cycle of a Business
The operating cycle refers to the time-period required to convert raw materials into finished goods and ultimately into cash 
through sales. In simple terms, it represents the duration between purchasing raw materials and receiving payment from 
customers.

The operating cycle consists of several stages.
1.	 Procurement of Raw Materials: The business purchases raw materials required for production.
2.	 Production Process

Raw materials are converted into finished goods through manufacturing or processing.

3. Storage of Finished Goods
Finished goods are stored in warehouses until they are sold.

4. Sales of Goods
Products are sold either on cash or credit.

5. Collection of Receivables
If goods are sold on credit, payment is collected after a certain credit period.
Once cash is received, the operating cycle is completed and the funds can be reinvested into the next cycle.

Working Capital
Working capital refers to the funds required for the day-to-day operations of a business.

It is defined as:

Working Capital = Current Assets – Current Liabilities

Current assets include:
•	 Cash
•	 Inventory
•	 Accounts receivable
•	 Short-term investments

Current liabilities include:
•	 Accounts payable
•	 Short-term loans
•	 Outstanding expenses
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Working capital ensures smooth functioning of the enterprise without liquidity problems.

Net Working Capital Requirement
Net working capital represents the excess of current assets over current liabilities.

Net Working Capital = Current Assets – Current Liabilities

A positive net working capital indicates that the business has sufficient funds to meet short-term obligations.

For example:

If,

Current Assets = ₹10,00,000

Current Liabilities = ₹6,00,000

Then,

Net Working Capital = ₹4,00,000

This amount is available for operational flexibility and growth.

Predicting Working Capital Requirement
Estimating working capital requirement is essential for efficient financial planning.

The following factors influence working capital needs:

	 1.	 Nature of Business

Manufacturing enterprises require more working capital compared to service enterprises.

	 2.	 Size of Operations

Larger businesses require more funds for inventory and receivables.

	 3.	 Production Cycle

Longer production cycles increase working capital requirements.

	 4. Credit Policy

If customers are allowed longer credit periods, the business requires additional working capital.

	 5.	 Inventory Management

Efficient inventory management reduces working capital requirements.

	 6.	 Seasonal Demand

Businesses with seasonal demand require higher working capital during peak periods.

Entrepreneurs often estimate working capital using operating cycle analysis or working capital turnover methods.

Total Fixed Capital Requirement
Fixed capital refers to funds invested in long-term assets required for business operations.

These assets generally include:
•	 Land and site development
•	 Building and infrastructure

27

Processing and Post-HarvestProcessing and Post-Harvest
Value Chain Management in LitchiValue Chain Management in Litchi



•	 Machinery and equipment
•	 Furniture and fixtures
•	 Vehicles
•	 Technology and software
The total fixed capital requirement is estimated during project planning and feasibility analysis.

For example:

Fixed Asset			           Estimated Cost

Land and building	 ₹20,00,000

Machinery	 ₹15,00,000

Furniture and Fixtures	 ₹2,00,000

Vehicles	 ₹3,00,000

Total Fixed Capital	 ₹40,00,000

These investments are financed through long-term funding sources.

Combining Fixed Capital and Working Capital
The total financial requirement of a business includes both fixed capital and working capital.

Total Capital Requirement = Fixed Capital + Working Capital

For example:

Fixed Capital = ₹40, 00,000

Working Capital = ₹10,00,000

Total Capital Requirement = ₹50, 00,000

Proper financial planning ensures that both components are adequately financed.

Importance of Financial Planning in Entrepreneurship
Effective financial planning provides several benefits:
•	 Ensures adequate funding for operations
•	 Reduces financial risk
•	 Supports business expansion
•	 Improves profitability
•	 Enhances investor confidence
Entrepreneurs must carefully evaluate funding sources and maintain proper working capital management to ensure 
business sustainability.

Conclusion
Access to appropriate financing is a critical factor in entrepreneurial success. Entrepreneurs must strategically select 
funding sources such as bootstrapping, angel investment, venture capital, bank loans, and government grants depending 
on the stage and needs of their business.

Equally important is the management of working capital through proper understanding of the operating cycle and accurate 
estimation of financial requirements. By balancing long-term and short-term financing and maintaining efficient cash flow 
management, entrepreneurs can ensure stable growth and long-term sustainability of their enterprises.
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CHAPTER 8

LITCHI HONEY PROCESSING
Introduction and Background
•	 Honey has served as a natural sweetener and therapeutic agent for millennia, with usage documented in ancient civilizations 

such as Egypt, Greece, and India.

•	 Historically, it was consumed raw and unprocessed, directly from the honeycomb.

•	 With advancements in apiculture and rising demand, standardized honey processing protocols became essential to ensure:
	 o	 Quality assurance

	 o	 Microbial safety

	 o	 Shelf-life extension

•	 Modern processing addresses challenges such as:
	 o	 Removal of contaminants (wax, pollen, bee parts)

	 o	 Control of fermentation caused by high moisture levels

	 o	 Delay of crystallization and enhancement of texture and clarity

•	 The incorporation of equipment such as extractors, filters, dehumidifiers, and pasteurizers has:
	 o	 Improved processing efficiency
	 o	 Enhanced hygiene and safety standards

•	 Contemporary honey processing emphasizes preserving bioactive compounds (enzymes, antioxidants) while aligning with 
regulatory compliance and consumer expectations.

Honey Industry Statistics (India)
•	 Floral diversity: Over 500 wild and cultivated plant species serve as nectar and pollen sources.

•	 Prominent honey types include:

	 o	 Mustard (Rapeseed), Eucalyptus, Litchi, Sunflower, Pongamia (Karanj), Himalayan multiflora, Acacia, and Wild Flora Honey

•	 Beekeeping status:

	 o	 12,699 registered beekeepers

	 o	 19.34 lakh honey bee colonies (National Bee Board)

•	 Annual honey production (2021–22, 2nd advance estimate): → 133,200 Metric Tonnes

•	 Top honey-producing states:

	 o	 Uttar Pradesh (17%)

	 o	 West Bengal (16%)

	 o	 Punjab (14%)

	 o	 Bihar (12%)

	 o	 Rajasthan (9%)

•	 Exports:

	 o	 India exported 74,413 MT worth Rs. 1221.17 crores in 2021–22

	 o	 Honey exported to 83 countries, including the USA, Saudi Arabia, UAE, Bangladesh, and Canada

	 o	 Over 50% of production is directed towards export markets
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•	 Government support:
	 o	 102 projects approved under National Beekeeping and Honey Mission (NBHM)
	 o	 Assistance amounting to Rs. 133.31 crores

Technical Definitions of Honey
•	 Codex Alimentarius & FSSAI: Honey is a natural sweet substance produced by Apis spp. from plant nectar, secretions, or 

excretions collected and transformed through enzymatic activity, stored and matured in honeycombs.

•	 European Union: Identical definition emphasizing Apis mellifera as the producing species and biochemical transformation 
within the colony for maturation and stabilization.

Natural Biosynthesis of Honey
•	 Source of nectar: Primarily from floral nectar, occasionally from plant sap or honeydew.

•	 Worker bees (females only) collect nectar using the honey stomach (crop).

•	 Upon return, nectar is transferred via trophallaxis (regurgitation) to house bees.

•	 Enzymatic breakdown begins, converting nectar sugars and reducing water content.

•	 The intermediate solution is deposited into honeycomb cells, where bees:
	 o	 Fan their wings to promote dehydration
	 o	 Maintain hive temperature (~35°C)

•	 When moisture is reduced below 20%, cells are sealed with wax, rendering the honey mature, shelf-stable, and non-
fermentative.

•	 Honey functions as a long-term energy reserve for the colony, especially in non-foraging seasons (e.g., winter).

Major Components of Honey
•	 Honey is primarily a high-carbohydrate natural food, intended by bees for colony sustenance.

•	 Besides sugars (glucose, fructose), honey contains:
	 o	 Minerals (e.g., potassium, calcium)
	 o	 Proteins and amino acids
	 o	 Vitamins (e.g., B-complex, C)
	 o	 Organic acids, enzymes, and antioxidants

•	 These minor components enhance its nutritional and functional profile, contributing to its use in therapeutics, food systems, 
and nutraceuticals.

Table 8.1. Composition of Honey

Component Percentage (Approx.)
Sugars 75–80%
- Fructose 32–38%
- Glucose 28–31%
- Sucrose <1–2%
- Maltose & other oligosaccharides 5–10%
Water 15–20%
Proteins (mainly enzymes) 0.1–0.5%
Organic acids 0.2–0.5%
Minerals 0.1–0.2%
Vitamins Trace amounts
Phenolic compounds & antioxidants Trace–moderate
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Table 8.2 Specifications of Honey as per FSSAI

S. No. Parameters Limits
1 Specific gravity at 27°C, Min 1.35
2 Moisture percent by mass, Max 20

3(a) Total reducing sugars (Honey not listed below), Min 65
3(b) Total reducing sugars (Carviacallosa and Honeydew honey), Min 60
3(c) Total reducing sugars (Blends of Honeydew with blossom honey), Min 45
4(a) Sucrose (Honey not listed below), Max 5.0
4(b) Sucrose (Carviacallosa and Honeydew honey), Max 10

5 Fructose to Glucose ratio (F/G Ratio) 0.95–1.50
6 Total Ash, Max 0.50

7(a) Acidity as formic acid, Max 0.20
7(b) Free Acidity (meq acid/1000 g), Max 50.0

8 Hydroxymethylfurfural (HMF), Max 80.0
9 Diastase activity (Schade units/g), Min 3

10(a) Water insoluble matter (Honey not listed below), Max 0.10
10(b) Water insoluble matter (Pressed honey), Max 0.5

11 C4 Sugar, Max 7.0
12 Pollen count and plant elements, Min 5000
13 2-Acetylfuran-3-Glucopyranoside (2-AFGP) - Rice Syrup Marker Absent**
14 Foreign oligosaccharides (Max % Peak) 0.7
15 Proline, Min 180 mg/kg

16(a) Electrical Conductivity (non-Honeydew), Max 0.8 mS/cm
16(b) Electrical Conductivity (Honeydew), Min 0.8 mS/cm
17(a) Δδ13C Max (Maximum difference between all measured Δδ13C values), per mil ±2.1
17(b) Δδ13C Fru - Glu, (The difference in 13C/12C ratio between fructose and glucose) per mil ±1.0
17(c) Δδ13C Protein - Honey, (The difference in 13C/12C ratio between honey and its associated 

protein extract) per mil
≥ -1.0

Processing of Honey: Technical Overview
Honey processing is a crucial post-harvest operation aimed at enhancing product quality, safety, and shelf stability. Raw 
honey collected from combs contains several impurities such as beeswax, pollen, yeast cells, and foreign matter, which 
must be eliminated through a series of unit operations.

Objectives of Honey Processing
•	 Removal of physical impurities (e.g., wax particles, bee parts, debris)
•	 Reduction of moisture content to prevent fermentation
•	 Inactivation of spoilage microorganisms, primarily yeasts
•	 Delay of crystallization to maintain liquidity and consumer appeal
•	 Improvement in clarity, texture, and shelf-life

Key Stages of Processing

A. Pre-Treatment (Liquefaction)

•	 Purpose: Facilitates easier handling and filtration by reducing viscosity
•	 Method: Honey is preheated to ~55°C
•	 Used in both manual and mechanical systems
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B. Straining and Coarse Filtration
•	 Manual Straining: Cloth/nylon mesh bags used in small-scale operations
•	 Mechanical Straining: Jacketed tanks with stirrers and integrated heating up to 40°C
•	 Removes large particulates such as wax chunks and debris

C. Fine Filtration
•	 Pressure filters or microfilters (e.g., 80 μm polypropylene filters) used
•	 Conducted at 50–55°C to prevent wax melting
•	 Ensures removal of fine suspended solids, dust, and pollen

D. Thermal Processing
•	 Applied to:
	 o	 Destroy yeasts and microbes
	 o	 Reduce moisture content below 17%
•	 Careful temperature control is critical to:
	 o	 Avoid overproduction of Hydroxymethylfurfural (HMF)
	 o	 Preserve natural enzymes (e.g., diastase, invertase, glucose oxidase)

Industrial Processing Flow (Large-Scale Operations)
1.	 Coarse filtration
2.	 Pre-heating in jacketed tanks
3.	 Centrifugal clarification
4.	 Fine filtration through microfilters
5.	 Blending (if required)
6.	 Final heat treatment
7.	 Packaging

Moisture Management and Fermentation Control
•	 Honey with >20% moisture is highly susceptible to fermentation regardless of initial yeast count
•	 Reducing water content to <17% effectively suppresses fermentation
•	 However, low moisture can increase crystallization tendency
•	 Heat treatment is employed prior to storage to:
	 o	 Lower microbial load
	 o	 Reduce moisture
	 o	 Inactivate enzymes responsible for spoilage

Heat-Induced Degradation and Quality Parameters
•	 Overheating may result in:
	 o	 Elevated HMF levels (a thermal degradation marker)
	 o	 Reduction in enzymatic activity, particularly:
	 Invertase (sucrose breakdown)
	 Amylase (diastase) (starch breakdown)
	 Glucose oxidase (hydrogen peroxide production)
•	 Excessive thermal load also leads to:
	 o	 Darkening of honey
	 o	 Loss of aroma and freshness

Crystallization of Honey: Mechanism and Mitigation
Mechanism
•	 Crystallization primarily occurs due to supersaturated glucose
•	 Unwanted during processing and marketing unless producing creamed honey
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Prevention Strategies
•	 Storage at sub-zero temperatures (e.g., −40°C)
•	 Thermal re-melting of crystals during processing
•	 Filtration to remove nucleation sites (pollen, air bubbles, dust)
•	 Filling at elevated temperatures (>45°C) to reduce air entrapment
•	 Use of crystallization inhibitors (e.g., isobutyric acid, sorbic acid)
•	 Adjustment of glucose-to-fructose ratio
•	 Ultrasound treatment has shown efficacy in delaying crystallization by disrupting crystal nuclei

Packaging Considerations
•	 High-temperature filling reduces viscosity, allowing air to escape and minimizing crystallization triggers
•	 Containers must be:
	 o	 Sterile
	 o	 Airtight
	 o	 Non-reactive

Conclusion
•	 Honey processing is an essential step in producing a marketable and stable product.
•	 A combination of filtration, moisture control, and thermal treatment ensures microbial safety and enhances physicochemical 

stability.
•	 Proper control of processing parameters is vital to:
	 o	 Preserve enzymatic activity
	 o	 Limit HMF accumulation
	 o	 Retain nutritional and sensory attributes
•	 Emerging technologies like ultrasound processing show promise in improving product quality without compromising its 

natural characteristics.
•	 Ultimately, efficient honey processing strikes a balance between safety, stability, and nutritional integrity, aligning with both 

consumer expectations and regulatory standards.

Entrepreneurship in honey processing
Honey processing presents a significant opportunity for entrepreneurship development, especially in rural and semi-urban 
areas where beekeeping is commonly practiced. The growing demand for natural and organic products, combined with 
India’s diverse floral sources, makes honey a high-potential agro-based enterprise.

Key Drivers for Entrepreneurship in Honey Processing:
•	 Abundant Raw Material: With over 19 lakh bee colonies and a wide variety of floral species, India offers ample scope for 

honey production and processing.
•	 Low Initial Investment: Small-scale honey processing units can be started with modest capital using basic equipment like 

extractors, filters, and bottling machines.
•	 Value Addition: Entrepreneurs can diversify their product range by developing value-added products like infused honey, 

creamed honey, beeswax candles, pollen, propolis, and royal jelly.
•	 Export Potential: India exports over 50% of its honey, offering scope for international market penetration and foreign 

exchange earnings.
•	 Government Support: Schemes such as the National Beekeeping and Honey Mission (NBHM) provide financial assistance, 

training, and infrastructure support to encourage beekeeping and processing ventures.
•	 Sustainability: Beekeeping and honey processing are environmentally friendly and promote pollination, benefiting overall 

agricultural productivity.
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CHAPTER 9

EXPOSURE VISIT REPORT
As part of the Advanced Entrepreneurship and Skill Development Programme (A-ESDP) on Processing and Post-Harvest 
Value Chain Management in Litchi, an exposure visit was organized to Amrapali Foods, Hajipur, Bihar. The objective of 
this visit was to provide participants with practical insights into commercial-scale fruit processing, value addition, quality 
management, and marketing strategies.

Exposure visits play a crucial role in bridging the gap between theoretical knowledge and real-world applications. This visit 
enabled participants to observe industrial operations, understand processing workflows, and interact with professionals 
engaged in the food processing sector. Amrapali Foods is a well-established food processing enterprise located in Hajipur, 
Bihar, engaged in the processing and marketing of fruit-based products. The unit primarily focuses on mango and litchi-
based value-added products and contributes significantly to promoting agro-processing in the region.

Key Features of the Unit
•	 Processing of fruit pulp, beverages, and preserved products

•	 Use of modern food processing equipment

•	 Adoption of food safety standards and quality control systems

•	 Integration with local farmers for raw material procurement

Objectives and Activities of the Exposure Visit
The exposure visit was organized with the objective of providing participants with practical insights into the functioning of 
a commercial food processing unit. It aimed to help them understand processing technologies used in fruit-based products, 
gain knowledge on quality control and food safety practices, and learn about packaging, storage, and marketing strategies. 
The visit also provided an opportunity for participants to interact directly with entrepreneurs and technical staff, thereby 
enhancing their understanding of real-world industrial operations.

During the visit, participants were guided through various sections of the processing unit to observe the complete operational 
workflow. In the raw material handling section, they learned about procurement of fruits from farmers, followed by 
sorting, grading, washing, and pre-processing practices. In the processing unit, demonstrations were provided on pulp 
extraction using mechanical pulpers, preparation of fruit-based beverages, and heat processing including pasteurization. 
The packaging and storage section familiarized participants with hygienic packaging materials, bottle filling, sealing, 
labeling, and appropriate storage conditions for finished products. In the quality control laboratory, participants observed 
testing procedures for raw materials and finished products, including measurement of total soluble solids (TSS), acidity, 
and microbial quality, along with maintenance of quality standards.

The overall processing workflow observed in the unit followed a systematic sequence, beginning with raw material procurement, 
followed by sorting and washing, peeling and pulping, processing through heating and pasteurization, filling and packaging, 
storage, and finally marketing. This streamlined process ensured efficiency, hygiene, and consistent product quality.

The unit demonstrated strict adherence to food safety and quality protocols, including Good Manufacturing Practices 
(GMP) and Good Hygiene Practices (GHP). The use of stainless-steel equipment, proper sanitation measures, effective 
waste management, and compliance with FSSAI guidelines were evident throughout the facility. Participants gained 
practical exposure to the implementation of these standards in an industrial environment.
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An interactive session with entrepreneurs, unit managers, and technical experts provided valuable insights into operational 
and business aspects of the enterprise. Discussions highlighted challenges related to raw material availability, the importance 
of branding and packaging, market demand for processed fruit products, and financial aspects including profitability and 
investment considerations.

Overall, the visit provided significant learning outcomes for the participants. It emphasized the importance of scientific 
processing for maintaining product quality, highlighted the role of cold chain and hygiene in extending shelf life, and 
offered practical understanding of machinery and equipment used in processing units. The visit also helped participants 
identify business opportunities in the fruit processing sector and adopt a market-oriented approach for product development. 
The exposure visit served as an essential component of the training programme by offering real-time industrial exposure, 
enhancing participants’ confidence, and motivating them to establish their own enterprises. It also provided a deeper 
understanding of the challenges and solutions associated with entrepreneurship in the food processing sector, thereby 
reinforcing theoretical knowledge through practical experience.
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CHAPTER 10

IMPACT ASSESSMENT AND OUTCOMES  
OF A-ESDP PROGRAMME

Food processing constitutes a critical component of the agri-food system, playing a decisive role in ensuring food and 
nutritional security, minimizing post-harvest losses, enhancing value addition, and improving food safety and consumer 
convenience. Through the scientific transformation of raw agricultural produce into stabilized and marketable value-added 
products, the sector significantly extends shelf life, optimizes resource utilization, and enhances the economic viability 
of agricultural commodities. Moreover, it serves as a catalyst for rural industrialization, employment generation, and 
entrepreneurship development, particularly within decentralized and farm-linked economies.

Among high-value horticultural crops, litchi (Litchi chinensis Sonn.) is of considerable economic importance due to its unique 
flavor profile, high sugar content, vitamin richness, and antioxidant properties. However, its extreme perishability, short harvesting 
window, and susceptibility to physiological and microbial deterioration result in substantial post-harvest losses. In this context, the 
adoption of scientifically designed post-harvest management and processing interventions becomes imperative.

The promotion of entrepreneurship in litchi-based beverage processing offers a viable pathway for loss reduction, value chain 
strengthening, and income enhancement. Advanced processing approaches such as RTS beverages, squash, concentrates, 
minimally processed products, and semi-canned formulations enable the conversion of surplus and lower-grade fruits into 
high-value products. Integration of novel preservation strategies, including controlled thermal processing, use of permitted 
preservatives, carbonation, and emerging non-thermal techniques, further enhances product stability and marketability.

Entrepreneurship, in this context, acts as a dynamic driver of innovation, economic diversification, and technology 
commercialization. It empowers individuals to translate scientific knowledge and indigenous resources into sustainable and 
scalable business ventures. In the evolving agri-business landscape, entrepreneurship extends beyond enterprise creation to 
encompass problem-solving, value chain optimization, resource efficiency, and resilience to market and climatic uncertainties.

To systematically harness these opportunities, the implementation of an Advanced Entrepreneurship and Skill Development 
Programme (ESDP) focusing on litchi-based post-harvest processing technologies is of paramount importance. Unlike conventional 
training programmes, the Advanced ESDP adopts a holistic, technology-driven, and outcome-oriented approach, integrating:

•	 Advanced technical training in post-harvest handling, processing, preservation, and packaging technologies

•	 Hands-on exposure to pilot-scale equipment and real-time product development

•	 Quality assurance and regulatory compliance, including FSSAI standards, food safety protocols, and labeling requirements

•	 Business incubation support, including preparation of Detailed Project Reports (DPRs), techno-economic feasibility analysis, 
and financial planning

•	 Market linkage development, branding strategies, and digital marketing integration

•	 Sustainable processing practices, including by-product utilization and waste minimization through circular economy principles

The Advanced ESDP serves as a transformational platform that bridges the gap between research innovations and 
entrepreneurial implementation, enabling participants to convert ideas into commercially viable enterprises. It particularly 
benefits farmers, women, rural youth, and Farmer Producer Organizations (FPOs) by equipping them with both technical 
competencies and entrepreneurial capabilities.
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In parallel, entrepreneurship in honey processing represents another promising avenue within the agri-processing sector. 
Honey processing and value addition not only facilitate income diversification and employment generation, especially 
among smallholder farmers, women, and rural communities, but also contribute to pollination services and sustainable 
agricultural practices. With the integration of scientific processing, moisture control, filtration, quality grading, branding, 
and organized marketing systems, honey-based enterprises can evolve into highly profitable and export-oriented ventures.

Key Features and Outcomes of Advanced ESDP
•	 Facilitates the transition from job seekers to technology-driven job creators through structured capacity building

•	 Promotes innovation-led enterprise development in agri-processing and allied sectors

•	 Enhances competencies in risk assessment, decision-making, and problem-solving under real market conditions

•	 Strengthens self-employment and livelihood opportunities, particularly in rural and semi-urban regions

•	 Encourages product innovation and diversification, including functional and nutraceutical food products

•	 Develops leadership, managerial, and enterprise management skills among participants

•	 Provides comprehensive understanding of legal frameworks, financial systems, and market dynamics

•	 Supports balanced regional development by promoting location-specific enterprises

•	 Fosters sustainable, inclusive, and environmentally responsible entrepreneurship through resource-efficient technologies

Overall, the Advanced ESDP framework is envisioned as a comprehensive enterprise acceleration mechanism, enabling 
the effective utilization of perishable resources like litchi and honey, while simultaneously strengthening the innovation, 
entrepreneurship, and value addition ecosystem in the agri-food sector.

List of Participants
S. No. Trainees Name Father Name Gender State District

1 Sneha Kumari Harendra Prasad Singh Female BIHAR VAISHALI
2 Raj Shekhar Rai Mahabir Rai Male ASSAM KAMRUP
3 Kumari Archana Suman Kumar Female BIHAR VAISHALI
4 Uttam kumar Ajay Kumar Yadav Male BIHAR BHAGALPUR
5 Veena Singh Raj Kishore Singh Female BIHAR VAISHALI
6 Shashiranjan Kumar Chitranjan Kumar Male BIHAR PASHCHIM CHAMPARAN
7 Archita Kumari Sujit Kumar Female BIHAR MUNGER
8 Dhananjay Kumar Ashok Kumar Mehta Male BIHAR SAMASTIPUR
9 Prakash Kumar Pramod Kumar Singh Male BIHAR MUZAFFARPUR

10 Kamlesh Kumar Mohan Prasad Male BIHAR PASHCHIM CHAMPARAN
11 Santosh Kumar Jha Jagdish Chandra Jha Male BIHAR MUZAFFARPUR
12 Utsav Kumar Ajeet Kumar Shahi Male BIHAR MUZAFFARPUR
13 Durgesh Kumar Ram Dayal Singh Male BIHAR MUZAFFARPUR
14 Virendra Kumar Nagendra Gupta Male BIHAR MUZAFFARPUR
15 Ajay Kumar Upadhay Ramjee Upadhay Male WEST BENGAL PURBA BARDHAMAN
16 Nikhil Kumar Harish Chandra Mahto Male BIHAR SAMASTIPUR
17 Dileep Deepak Ramanand Yadav Male BIHAR PURNIA
18 Vinay Kumar Ramlakhan Sah Male BIHAR SAMASTIPUR
19 Rani Kumari Vijay Prasad Female BIHAR PURBI CHAMPARAN
20 Dimna Dwijith Kaniyankandi Dwijith Female KERALA KANNUR
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